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cells and normal cells and to reveal the tumor-specific alterations
of O-glycan profiles.

Conclusion

We have developed an automatic system for releasing O-gly-
cans from glycoproteins and applied the methods to the analysis
of the released mucin-type glycans. In the current study, we devel-
oped methods for one-pot analysis of mucin-type glycans and
GAGs. Serotonin affinity chromatography for group separation of
mucin-type glycans based on the number of sialic acid residues
[38] is also useful for collection of GAGs.-As shown in Fig. 1, GAGs
were strongly retained on the serotonin-immobilized column, and
group separation of GAGs and mucin-type glycans was easily
achieved. After collection of these glycans, mucin—type glycans
were conveniently analyzed by MALDI-TOF MS and HPLC, and
GAGs could be analyzed by CE as a mixture of unsaturated disac-
charides after digestion with specific eliminases. )

Two leukemia cancer cell lines (U937 and K562) showed similar
profiles of mucin-type glycans and could not be discriminated only
by comparing mucin-type glycans. However, GAG profiles showed
obviously distinct characteristics (Fig. 7). In contrast, pancreatic
cancer cell lines (PANC1 and BxPC3) showed similar GAG profiles
but quite different mucin-type glycan profiles (Fig. 8). We also
revealed that the profiles of GAGs as well as mucin-type glycans
were dramatically altered at different differentiation stages of can-
cer cells, as determined by the analysis of MKN45 and MKN7 cells.

Based on these results, the current techniques will be useful to
discover the novel biomarkers for diseases. However, the relation-
ship between biological characteristics and O-glycan profiles
observed in cancer cells might not be the same with that observed
in actual physiological conditions. Therefore, to discover the prac-
tical glycan biomarkers for diagnosis of tumors, our method needs
to be applied to the clinical samples such as serum or tissue sam-
ples. We are now applying the current methods to various kinds of
biological samples. Furthermore, we are also developing methods
for identification of proteins carrying specific glycans. These results
will be shown in future publications.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.ab.2011.12.017.
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flis % 7z00kEE LT, #2I3HIREEOMM (FRRIAOKRE) PHRERID=—
TR (RYFERFHERIMMIEOME, %) 28T 6N 5. SIS LERE oI
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BRSNS 2 RE T 5L EXH 5720, WHO TRS 878 /L b § +4IcEw
Bl L 0B L8 DD, HBREOEVRERE LT, THR, BB IO NK
Hila % K 2% L7z NOD/SCID/ y Cnull (NOG) % ¥, X—Fvv ALY bRFEIDOET LAEE
RIER LI ARMEFRTHZEAEZ LN B Y, 272 LERIYE 7L 2B
A7 FHliD 7=, Ml - HEO TR OB O B RALT EOME &, T ORI LS
Thdo
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b b SRR T RAORKRAFOMKE, $obb [H5ME) iz, BRI
mx, RATAWHEARRPLERES EHRARS X 02 0o B Al S $h v 2Tk
bbo T, BFRGOGEMEERBICBT S DEESEME] K b P ToEFRA oMY
WHER EBTHAHHTHL I EPERIND, Tabb, BHERRICE T2 SN2
I, T bk FEEERMBIRTFL w22 twnw) o ke THWAMRE LT
MRS BRI A T hTwbdh] L v) S sz, [HE5ass, AT 5 mMAREE
T ZBRT 52) Lv) ST EMWFETLR B,

RAEBEOFIE [EDL vk MBI EL T2 THMNAMEE U CERIGE
R EERARSE IR TH 22 23 LML TR, SiEMBIlo<—» —-RizF
A =8 8y FOBE, AR ONE, RERIo - —EEREBRL ETHMETE AT
TEdEAtd %6

—7, [&58025 £5T 2R T2 BRT 52] LWwHIBEICOWTIL, in vive
SRR L EE 25, ZOHBICERTREALLTE, OREROBRBRE @54
Mag, OHFEFEZLENBTENL, REMEIZOVTIRTiEL SiF e b COWRSHBMIHY T
B BIRTRETHSD, L, MEEMMEZETILEOEBICE ) SFHHIHT 2
HSHBEUCRAY B A HEIIE, T THIITHSBMEEETI20TIELRL, Bttt
OO B FAR 5 IO R r — VIS U TR SRR E NN T 2. Thbb, ANTEM
BT E SR L OMEERICE AIERROTGEN 2 E8BT5 2 L 2 BET 5. RIEIFHE
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ZUINIE, EBTLI LIRSS L TH S,
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1.3.3 EMEBMHEE in vitro BB

Ml OB, 5 iEARERPOEEHEMRERETEREL TV 220
vitro AR AIH B, FNEFNULREFTEFFEH 5, FTNoE in vivo REES: TR
Lo HEIGH 2 EORBEREEHMET LI LT EME TR BUIBMNICHL ST
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MTaEVI LD, FMHBEORE T IZREARICB T 2 RAOREHNEENEFMT S L0
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BITEVIMAZED» LERBRART, fle% L TORERICH AL, RIGIREN L4k
iz HRBETH B, /5L, b ESHIMa L MiPSHIIE MY 73 YR LIZ X B4
HIZEsTT7T R PV AR THREMHER I XML TEY, b +EiktkdaiiunT
WHOBE, HHIZIIRERI D= —BRRABREZEETE RV, Reld, FHEEET R -
Z &Y B L EDbNS ROCK MIEMFERETIC L b iPS M E 5, WOER AP I L 25
AdHH, FNThan=—EREBDONE,-72Y 70— 4 b4 M —RER RT-PCR
i, WEDOT—H—F Y30 H - 7N~ BIEFORB A REIC RSN £ 72 R
PR CTHRIBSTAMELERT, 70—%4 b A MY O E S8 - BLHERS 5, E
& RT-PCR B Z OB VIRENFHE TH S, Frid, AR Medladkice b iPSHa %
MUTHE LR 70—%4 F A FY—TI201%, Eit RT-PCR 041213 0002% DFF
FEHOE b PSHZAEICRIBT A LA TEL I L ZWLRIIL TV EY, FELMIIAE in
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BB DIRG S EATRIB SN B A, BRRBRICED S & OB SIS, RS HILK
BWEAL, VASITRVAYITS Y, HAEWE in vive EEBEREBF— s HICL > THET
LICHB s N BREFEEZLND,
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MIshTeRwve MEARIRE - SRR % 1 - 22 BHIERRO B Tl BRI L A
EFOI TRV EPSHELPR L HIC, b MR - iRl TR OB & 254
Hifg - AtEdiiac iz, SEEEES SV E—RMICEZ SN TWwD, £oT, & MEMIR - 4tk
M TS OB LT, T TR EaF 12 BsEie E U CElistt e
HEARZSRAL TV AH] L) Bal TR, EXF 58RI E WOl 2BR
T3] LI BB OVTOAEHTHEIwEW) T LITh b,

S, WRFROMEAS FF—TORAREEE RBOEEREZ RIS 2FL TRAEEH
((HR A | (homologous use) &\39) TAHEITE, [RARFBPIZEHNHRE LTE
MR PR ARA L T35 ) 2w 2 L A5E0%2 R (HITRHRREMTS) 12X D
FHRBETENE, EEEECOVWTEBHMERELFALLEZZ 5N, Fhll Eoidd
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AT LA, FRAOBEMBICERIN T2 EMEEMERBOHEEFRT. X—F<Y
A &R in vive SBIEHBERBEEGL CO2 ] E404H 5, ThsoRBTRAROEN
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